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PROTEIN-POLYMER CONJUGATES

CROSS-REFERENCE TO RELATED
APPLICATION PARAGRAPH

This application claims the benefit of U.S. Provisional
Application No. 60/956,273 filed on Aug. 16, 2007. The
contents of which, 1s hereby incorporated by reference 1n 1ts

entirety

BACKGROUND

Advance 1n cell biology and recombinant protein technolo-
gies has led to the development of protein therapeutics.

Yet, major hurdles still exist. Most proteins are susceptible
to proteolytic degradation and therefore have a short hali-life
in the circulating system. Other disadvantages include low
water solubility and inducement of neutralizing antibodies.

Attachment of a polymer, e.g., polyethylene glycol (PEG),
to a protein hinders access of proteolytic enzymes to the
protein backbone, resulting 1n enhanced protein stability. In
addition, 1t may also improve water solubility and minimize
immunogenicity. There 1s a need for effective methods of
attaching polymer to proteins.

SUMMARY

An aspect of the present invention relates to a substantially
pure (£=80% pure) conjugate containing one or more polymer
moieties, a protein moiety, and a linker. In the conjugate, the
polymer moiety or moieties are attached to the linker; the
nitrogen atom of the N-terminus of the protein moiety 1s
bonded to the linker; the linker 1s a covalent bond, C,_,,
alkylene, C,_,, alkenylene, or C,_, , alkynylene; and the pro-
tein moiety 1s an interferon-o. moiety, a human growth hor-
mone moiety, or an erythropoietin moiety. Preferably, the
conjugate has a purity ol 90% or higher. This conjugate has an
unexpected long 1n vivo half-life.

Another aspect of the present invention relates to protein-
polymer conjugates of formula I:

formula I
Aj
|
G; Ry
G 03 ~
2 P,
Az/ ) . ( ) 7
R, Ry 4 R

in which each of R, R,, R, R, and R, independently, 1s H,
C,_s alkyl, C,_< alkenyl, C,_ alkynyl, aryl, heteroaryl, C;_4
cycloalkyl, or C,_; heterocycloalkyl; each of A; and A, inde-
pendently, 1s a polymer moiety; each of G,, G,, and G,
independently, 1s a bond or a linking functional group; P 1s a
protein moiety; m 1s O or an integer of 1-10; and n 1s an integer

of 1-10.

Referring to the above formula, the protein-polymer con-
jugate may have one or more of the following features: G, 1s
a bond and P 1s a protein moiety in which the amino group at
the N-terminus 1s attached to G5; A, and A, are polyalkylene
oxide moieties having a molecular weight of 2-100 kD (pret-

erably 10-30 kD), each o1 G, and G, 15
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2
O
\O)kN/
H

(1n which O 1s attached to A, or A,, and NH 1s attached to a
carbon atom as shown 1n formula I), or each of G, and G, 1s
urea, sulfonamide, or amide, (in which N 1s attached to a
carbon atom as shown 1n formulal); m1s 4, n1s 2, and each of
R,,R,, R, R,,and R 1s H; and P 1s an interferon moiety or a
modified interferon moiety containing 1-4 additional amino
acid residues.

The term “alkyl” refers to a mono-valent straight-chained
or branched hydrocarbon radical. Examples of alkyl groups
include methyl, ethyl, n-propyl, 1sopropyl, tert-butyl, and
n-pentyl. Similarly, the term “alkenyl” or “alkynyl” refers to
a mono-valent straight-chained or branched hydrocarbon
radical containing one or more C—C double bonds or one or
more C=C triple bonds.

The term “alkylene” refers to a bi-valent straight-chained
or branched hydrocarbon radical. Similarly, the term “alk-
enylene” or “alkynylene” refers to a bi-valent straight-
chained or branched hydrocarbon radical containing one or
more C—C double bonds or one or more C=C triple bonds.

The term “aryl” refers to a hydrocarbon ring system
(mono-cyclic or bi-cyclic) having at least one aromatic ring.
Examples of aryl moieties include, but are not limited to,
phenyl, naphthyl, and pyrenyl.

The term “heteroaryl” refers to a hydrocarbon ring system
(mono-cyclic or bi-cyclic) having at least one aromatic ring
which contains at least one heteroatom such as O, N, or S as
part of the ring system and the reminder being carbon.
Examples of heteroaryl moieties include, but are not limited
to, furyl, pyrrolyl, thienyl, oxazolyl, imidazolyl, thiazolyl,
pyridinyl, pyrimidinyl, quinazolinyl, and indolyl.

The term “cycloalkyl” refers to a partially or fully saturated
mono-cyclic or bi-cyclic ring system having only carbon ring
atoms. Examples include, but are not limited to, cyclopropa-
nyl, cyclopentanyl, and cyclohexanyl.

The term “heterocycloalkyl” refers to a partially or fully
saturated mono-cyclic or bi-cyclic ring system having, in
addition to carbon, one or more heteroatoms (e.g., O, N, or S),
as ring atoms. Examples include, but are not limited to, pip-
eridine, piperazine, morpholine, thiomorpholine, and 1,4-0x-
azepane.

Alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl mentioned herein include both substituted
and unsubstituted moieties. Examples of substituents include
C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C;-Cq
cycloalkyl, C.-C, cycloalkenyl, C,-C, , alkoxy, aryl, aryloxy,
heteroaryl, heteroaryloxy, amino, C,-C,, alkylamino, C, -C,,
dialkylamino, arylamino, diarylamino, hydroxyamino,
alkoxyamino, C,-C,, alkylsulfonamide, arylsulfonamide,
hydroxy, halogen, thio, C,-C,, alkylthio, arylthio, cyano,
nitro, acyl, acyloxy, carboxyl, and carboxylic ester.

The term “polyalkylene oxide moiety” refers to a mono-
valent radical derived from linear, branched, or star-shaped
polyalkylene oxide. The molecular weight of a polyalkylene
oxide moiety may be 2-100 kD. The polyalkylene oxide moi-
ety 1s erther saturated or unsaturated. Examples of a polyalky-
lene oxide moiety include, but are not limited to, polyethylene
oxide, polyethylene glycol, polyisopropylene oxide, poly-
butenylene oxide, and copolymers thereof. Other polymers
such as dextran, polyvinyl alcohols, polyacrylamides, or car-
bohydrate-based polymers can also be used to replace the
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polyalkylene oxide moiety, as long as they are not antigenic,
toxic, or eliciting immune response. The polyalkylene oxide
moiety 1s either substituted or unsubstituted. For example, it
can be methoxy-capped polyethylene glycol (mPEG).

The term “protein moiety” refers to a mono-valent radical
derived from either a naturally occurring protein or a modi-
fied protein. The naturally occurring protein can be inter-
teron-c., mterferon-p, human growth hormone, erythropoi-
ctin and granulocyte colon-stimulating factor, or antibody.
The modified protein can be, €.g., a protein contaiming inter-
feron-a and 1-4 additional amino acid residues at the N-ter-
minus of the interferon. An example of such a modified inter-
feron 1s

IEN

g

IFN representing an interferon-o.,, moiety, the amino group
at the N-terminus of which 1s bonded to the carbonyl group.

The term “interferon-a” refers to a family of highly
homologous species-specific proteins that inhibit viral repli-
cation and cellular proliferation and modulate 1mmune
response. See Bonnem et al., J. Biol. Response Mod., 1984,

3(6):580-598; and Finter, J. Hepatol., 1986, 3 Suppl 2:S157-
160.

Many types of interferon-c. proteins are commercially

available, including Intron-A interferon provided by Scher-
ing Corporation, Kenilworth, N.J., Roferon interferon pro-
vided by Hoffmann-La Roche, Nutley, N.J., Berofor alpha 2
interferon provided by Boehringer Ingelheim Pharmaceut-
cal, Inc., Ridgefield, Conn., Sumiferon provided by Sumi-
tomo, Japan, and Wellferon interferon alpha-nl (INS) pro-
vided by Glaxo-Wellcome Ltd., London, Great Britain.

Listed below are amino acid sequences of five exemplary
human iterferon-o. proteins, either in precursor form or in
mature form:

maltfallva llvlsckssc svgcdlpgth slgsrrtlml

lagmrrislf sclkdrhdfg fpgeefgngf gkaetipvlh

emiqggifnlf stkdssaawd etlldkfvyvte lyqgglndlea

cviqgvgvte tplmkedsil avrkyfgrit lylkekkysp

cawevvrael mrsfslstnl geslrske (SEQ ID NO: 1)

(See Krasagakis et al., Cancer Invest. 26 (6), 562-368,
2008)

cdlpgthslg srrtlmllag mrkislfscl kdrhdfgfpg
eefgngfgka etipvlhemi ggifnlfstk dssaawdetl
ldkfytelyg glndleacvi ggvgvtetpl mkedsilavr
kyfgritlyl kekkyspcaw evvraelimrs fslstnlges

lrgske (SEQ ID NO: 2)

(See Klaus, et al., J. Mol. Biol. 274 (4), 661-675, 1997)
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mcdlpgthsl gsrrtlmlla

Jqeefgngfgk

aetipvlhem

lldkfytely gglndleacv

rkyvfqgritly

glrske

lkekkyspca

(SEQ ID NO: 23)

30-APR-2003 version.)

mallfpllaa
lhgmrrisptf
hemlggifsl
tcllgvvgeg

dcawevvrme

lvmtsyspvg
lclkdrrdfr
fhterssaaw
egsagalsspa

imkslflstn

4

gqmrrislfsc
1ggifnlfst

1gqgvgvtetp

wevvraeimr

(See GenBank Accession Number

slgcdlpgnh
fpgemvkgsg
nmtlldglht
ltlrryviqggl

mgerlrskdr

lkdrhdfgfp
kdgsaawdet
Imkedsilav

sfslstnlge

AAP20099,

gllsrntlvl
lgkahvmsvl
elhqgglghle
rvylkekkys

dlgss

the

(SEQ ID NO: 4)

(See Capon et al., J. Mol. Cell. Biol. 5 (4):768-779, 1985)

lsyksicslg cdlpgthslg nrralillag mgrispfscl

kdrhdfglpg eefdgngfgk tgaisvlhem i1qggtfnlfst

edszsaawedqs llekfstely gglnnleacv igevgmeetp

lmnedsilav rkyfgritly ltekkyspca wevvraelmr

slsfstnlgk rlrrkd

(See Lund et al., J. Interferon Res. 5 (2), 229-238, 1983)

In one example, the interferon-o. protein used for making
the conjugate of this invention has an amino acid sequence at
least 80% (e.g., 85%, 90%, 95%, or 99%) 1dentical to one of
the above listed amino acid sequences, or to the fragment
thereof that corresponds to a mature interferon alpha.

The term “human growth hormone” refers to the naturally
occurring human growth hormone, either in precursor or
mature form, and its functional variants, 1.€., having an amino

acid sequence at least 80% (e.g., 85%, 90%, 95%, or 99%)

identical to the naturally occurring human growth hormone
and possessing the same physiological activity of that human
growth hormone. The amino acid sequences of the naturally
occurring human growth hormone (in precursor and mature
form) are shown below:

(SEQ ID NO: 5)

matgsrtsll lafgllclpw lgegsafpti plsrlfdnam

lrahrlhgla fdtygefeea vipkegkysf lgnpgtslct

segsiptpesnr eetggksnle llrisllliqg swlepvgflr

svianslvyg asdsnvydll kdleegigtl mgrledgspr

tggifkgtys kfdtnshndd allknyglly cfrkdmdkve

tflrivgcrs vegscgf (precursor) (SEQ ID NO: 6)

fptiplsrlf dnamlrahrl hglafdtyge feeayipkeq
kysflgnpgt slcfsesipt psnreetqgk snlellrisl
lligswlepv gflrsvfans lvygasdsnv ydllkdleeg

igtlmgrled gsprtggifk gtyskfdtns hnddallkny
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-continued

gllycfrkdm dkvetflriv qcrsvegscg £ (mature

form) (SEQ ID NO: 7)

Erythropoietin (EPO), produced by either liver or kidney,
1s a glycoprotein hormone that controls erythropoiesis or red
blood cell production. See U.S. Pat. No. 5,621,080. The

amino acid sequences of human EPO (in precursor and
mature form) are shown below:

mgvhecpawl wlllsllslp rlicdsrvle

lglpvlgapp

rylleakeae nittgcaehc slnenitvpd tkvnfyvawkr

mevgggavev wgglallsea virggallvn ssgpweplgl

hvdkavsglr slttllralg agkeailsppd aasaaplrti

tadtfrklfr vysnflrgkl klytgeacrt gdr

(precursor} (SEQ ID NO: 8)

apprlicdsr vlerylleak eaekittgca ehcslnekit

vpdtkvnfya wkrmevggga vevwgglall seavlirggal

lvkssgpwep lglhvdkavs glrslttllr algagkeais

ppdaasaapl rtitadtfrk lfrvysnflr gklklytgea

crtgdr (mature form) (SEQ ID NO: 9)

An erythropoietin protein used to make the conjugate of
this invention can be an EPO protein, either in precursor or
mature form, produced by a suitable species, e.g., human,
murine, swine, and bovine. In one example, the erythropoi-
etin protein has an amino acid sequence at least 80% (e.g.,
85%, 90%, 95% or 99%) 1dentical to one of the amino acid
sequences shown above.

The “percent i1dentity” of two amino acid sequences 1s

determined using the algorithm of Karlin and Altschul Proc.
Natl. Acad. Sci. USA 87:2264-68, 1990, modified as in Karlin

and Altschul Proc. Natl. Acad. Sci. USA 90:5873-77, 1993.
Such an algorithm 1s incorporated into the NBLAST and
XBLAST programs (version 2.0) of Altschul, et al. J Mol.
Biol. 215:403-10, 1990. BLAST protein searches can be per-
formed with the XBLAST program, score=30, wordlength=3
to obtain amino acid sequences homologous to the protein
molecules of the invention. Where gaps exist between two

sequences, Gapped BLAST can be utilized as described 1n
Altschul et al., Nucleic Acids Res. 25(17):3389-3402, 1997.

When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs (e.g., XBLAST
and NBLAST) can be used.

The term “linking functional group™ refers to a bi-valent
functional group, one end being connected to the polymer
moiety and the other end being connected to the protein
moiety. Examples include, but are not limited to, —O—,

S—, carboxylic ester, carbonyl, carbonate, amide, carbam-
ate, urea, sulfonyl, sulfinyl, amino, 1imino, hydroxyamino,
phosphonate, or phosphate group.

The protein-polymer conjugate described above can be in
the free form or 1n the form of salt, 1f applicable. A salt, for
example, can be formed between an anion and a positively
charged group (e.g., amino) on a protein-polymer conjugate
of this invention. Suitable anions include chloride, bromide,
iodide, sulfate, mitrate, phosphate, citrate, methanesulionate,
trifluoroacetate, and acetate. Likewise, a salt can also be
tormed between a cation and anegatively charged group (e.g.,
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6

carboxylate) on a protein-polymer conjugate of this mven-
tion. Suitable cations include sodium 10n, potassium 1on,
magnesium 1on, calcium 1on, and an ammonium cation such
as tetramethylammonium 1on.

In addition, the protein-polymer conjugate may have one
or more double bonds, or one or more asymmetric centers.
Such a conjugate can occur as racemates, racemic mixtures,
single enantiomers, individual diastereomers, diasterecomeric
mixtures, and cis- or trans- or E- or Z-double bond 1someric
forms.

An example the protein-polymer conjugate of this mnven-
tion 1s shown below:

[FN
I
0 mPEGO NH 2,
mPEGo)J\N/\/\)\/\N ,

in which mPEG has a molecular weight of 20 kD and IFN 1s
an interferon-c.,, moiety.

Still another aspect of this invention relates to compounds
which are useful for preparing protein-polymer conjugates.
The compounds have formula TT:

formula I1

Ry Rz R4 Rs

in which X 1s a reactive group; each of A, and A ,, indepen-
dently, 1s a polymer moiety, or one of A, and A, 1s a polymer
moiety, and the other 1s a reactive group; each of GG, G, and
G, independently, 1s a bond or a linking functional group;
cachof R, R,, R;,R,,and R, independently,1s H, C, _; alkyl,
C, - alkenyl, C,_. alkynyl, aryl, heteroaryl, C,_5 cycloalkyl,
C,_g heterocycloalkyl, or -G,-X'", G, being a bond or a linking
functional group and X' being a reactive group; each m and n,
independently, 1s 0 or an iteger of 1-10; provided that 1f
-G4-X 15 —CO(O)—N-succinimidyl, then n 1s an integer of
1-10.

In one embodiment, X, X', A, A,, G,,G,, G5, G, R, R,
R;, R4, R, and m are defined above, and n 1s an integer of
1-10.

Certain compounds of formula II have one or more of the
following features: the polymer moiety may have one or more
reactive groups; G5 1s a bond and P i1s a protein moiety in
which the amino group at the N-terminus 1s attached to G5; A,
and A, are polyalkylene oxide moieties having a molecular

weight of 2-100 kD (preterably 12-30 kD), each of G, and G,
1S

O

PN

0O N
H

in which O 1s attached to A, or A,, and NH 1s attached to a
carbon atom as shown in formula I; mi1s 4;n1s 1; each of R,
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R,, R;, R,, and R: 1s H; and X 1s CH(=0) or X 1s a leaving
group (e.g., succinimidyl or p-nitrophenoxy).

The term “reactive group” refers to a functional group that
can react with another functional group so that 1t 1s either
replaced by the other functional group, or 1s linked to the other
function group. A reactive group can be a leaving group, a
nucleophilic group, an aldehyde, or a Michael receptor.

The term “leaving group™ refers to a functional group that
can depart, upon direct displacement or 1onization, with the
pair of electrons from one of 1ts covalent bonds (see, e.g., F. A.
Carey and R. J. Sunberg, Advanced Organic Chemistry, 3rd
Ed. Plenum Press, 1990). Examples of a leaving group
include, but are not limited to, methanesulfonate, triflate,

10

8

p-toluenesulionate, 1odine, bromide, chloride, trifluoroac-
ctate, succinimidyl (“Su”), p-nitrophenoxy, and pyridine-2-

yl-oxy.
The term “nucleophilic group” refers to an electron-rich

functional group, which reacts with an electron-receiving
group, such as electrophile, by donating an electron pair.

The term “‘electrophilic group™ refers to an electron-poor
functional group, which reacts with an electron-donating
group, such as a nucleophile, by accepting an electron pair.
Michael receptors are a subset of electrophilic groups. They,
upon contacting a nucleophile, undergo Michael reaction. A
typical Michael receptor contains an o, [3-unsaturated ketone
moiety.

Exemplary compounds of formula II are shown below:

PEG Molecules For Coupling With Proteins

O

PEG )‘\
O
O \O NH O
PEG )J\ /\/\)\)J\
\o N O— Nﬁ
H
O

O
PEG )-l\
O \O NH
FEG )J\ /\/\)\/\
\O N N
H

O

PEG )‘\
0O ~0 NH O
PEG‘\ )‘I\ /\/\)\)I\
0O N S
H \ /
N
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10

-continued

O

O PEG_ )‘\

O NH O

O

PEG._ )J\

\)k O O O O NH O
O-PEG. )LE /\/\J\/U\O_N;Jj PEG )J\E /\/\)\)J\S_SO
N
0

In still another aspect, this invention features a method of
preparing protein-polymer conjugates of formula I, 1n which
the amino group at the N-terminus of protein moiety P 1s
attached to linking tunctional group ;. The method includes
coupling an N-terminus free protein H—P with a di-polymer

branched molecule of a formula the same as formula II shown
above, except that X 15 a leaving group. The N-terminus free
protein H—P refers to a protein in which the mitrogen atom at
the terminal amino group of the protein moiety P 1s bonded to
the hydrogen atom H. In other words, H—P has a terminal
primary or secondary amino group. Alternatively, the method
includes (1) coupling the just-mentioned N-terminus free
protein H—P with a di-polymer branched molecule of a for-
mula the same as formula II shown above, except that G, 15 a
bond, n 1s 0 or an mteger of 1-9, and X 1s CHO; and (2)
reducing the coupling product to form a protein-polymer
conjugate.

Interferon 1s an immunomodulating medication for treat-
ing hepatitis B virus (HBV) infection or hepatitis C virus
(HCV) infection. In addition, interferon (e.g., interferon-c.)
can be used to treat non-Hodgkin’s lymphoma, Hairy cell
leukemia, chronic myelogenous leukemia, AIDS-related
Kaposis sarcoma, follicular lymphoma, malignant mela-
noma, and condyloma accuminata. Thus, another aspect of
this invention relates to a method of treating any of the above-
mentioned disorders by an interferon-polymer conjugate
described herein.

Also within the scope of this mvention 1s a composition
containing the an interferon-polymer conjugate for use 1n any
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of the above-mentioned disorders, as well as this therapeutic
use and use of the conjugate for the manufacture of a medi-
cament for treating one of these disorders.

The details of one or more embodiments of the imvention
are set forth 1n the description below. Other features, objects,
and advantages of the mvention will be apparent from the
description and from the claims.

DETAILED DESCRIPTION

Protein-polymer conjugates of the present invention can be
prepared by synthetic methods well known in the chemical
art. For example, one can bond a linker molecule, concur-
rently or separately, with two polymer molecules and subse-
quently bond a protein molecule to the linker molecule to
form a protein-polymer conjugate of this invention.

Also within the scope of this invention are the compounds
of formula (II). These compounds are useful for making the
just-described protein-polymer conjugates. They can be pre-
pared by synthetic methods well known 1n the chemical art.
An 1llustrative synthetic scheme and an actual example are
provided below.

Scheme 1 shows an example of preparing protein-polymer
conjugates of this mvention. Diamine compound 1, which
contains an acetal group, 1s reacted with N-hydroxysuccin-
imidyl carbonate mPEG (i.e., compound 2) to form di-PEGy-
lated compound 3, which 1s subsequently converted to alde-
hyde 4. This aldehyde compound 1s reacted with protein
having a free amino group via reductive alkylation to atford a

protein-polymer conjugate of this invention.
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Scheme 1
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A protein-polymer conjugate thus synthesized can be fur-
ther purified by a method such as 10n exchange chromatog-
raphy, gel filtration chromatography, electrophoresis, dialy-
s1s, ultrafiltration, or ultracentrifugation.

The chemical reactions described above include using sol-
vents, reagents, catalysts, protecting group and deprotecting
group reagents, and certain reaction conditions. They may
additionally include steps, either before or after the steps
described specifically herein, to add or remove suitable pro-
tecting groups in order to ultimately allow for synthesis of a
protein-polymer conjugate. In addition, various synthetic
steps may be performed 1n an alternate sequence or order to
give the desired protein-polymer conjugates. Synthetic chem-
1stry transformations and protecting group methodologies
(protection and deprotection) useful 1n synthesizing appli-
cable protemn-polymer conjugates are known 1n the art and
include, for example, those described 1 R. Larock, Compre-
hensive Ovganic Transformations, VCH Publishers (1989); T.
W. Greene and P. G. M. Wuts, Protective Groups in Organic
Synthesis, 2d. Ed., John Wiley and Sons (1991); L. Fieser and
M. Fieser, Fieser and Fieser’s Reagents for Organic Svnthe-
sis, John Wiley and Sons (1994); and L. Paquette, ed., Ency-
clopedia of Reagents for Organic Synthesis, John Wiley and
Sons (1995) and subsequent editions thereof.

The conjugate of the mvention has a very high purity.
Namely, 1n 80% or more of the conjugate molecules, the
polymer moiety 1s linked to the same nitrogen atom of the
N-terminus of the same protein moiety. In other words, 1n at
least 80% of the conjugate molecules, the protein moiety 1s
identical 1n all aspects, including 1ts sequence and 1ts bonding

position to the polymer moiety.

The conjugate of the mvention may be pharmaceutically
active 1n the conjugate form. Alternatively, 1t can release a
pharmaceutically active protein i vivo (e.g., through
hydrolysis) by enzymatically cleaving the linkage between
the protein moiety and the polymer moiety. Examples of
enzymes involved 1n 1n vivo cleaving linkages imnclude oxida-
tive enzymes (e.g., peroxidases, amine oxidases, or dehydro-
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genases), reductive enzymes (e.g., keto reductases), and
hydrolytic enzymes (e.g., proteases, esterases, sulfatases, or
phosphatases).

Thus, one aspect of this invention relates to a method of
administering an elffective amount of one or more of the
above-described protein-polymer conjugates for treating a
disease (e.g., HBV or HCV infection). Specifically, a disease
can be treated by administering to a subject one or more of the
protein-polymer conjugates in an elfective amount. Such a
subject can be 1dentified by a health care professional based
on results from any suitable diagnostic method.

As used herein, the term “treating” or “treatment” 1s
defined as the application or administration of a composition
including a protein-polymer conjugate to a subject (human or
amimal), who has a disorder, a symptom of the disorder, a
disease or disorder secondary to the disorder, or a predispo-
sition toward the disorder, with the purpose to cure, alleviate,
relieve, remedy, or ameliorate the disorder, the symptom of
the disorder, the disease or disorder secondary to the disorder,
or the predisposition toward the disorder. “An eflective
amount” refers to an amount of a protein-polymer conjugate
which confers a therapeutic effect on the treated subject. The
therapeutic effect may be objective (1.e., measurably by some
tests or markers) or subjective (i.e., a subject gives an indica-
tion of or feels an effect).

Also within the scope of this invention 1s a pharmaceutical
composition contains an effective amount of at least one of
the protein-polymer conjugates described above and a phar-
maceutical acceptable carrier. Further, this invention includes
a method of administering an effective amount of one or more
of the protein-polymer conjugates to a patient with one or
more diseases. Effective doses will vary, as recognized by
those skilled in the art, depending on, e.g., the rate oThydroly-
s1s of a protein-polymer conjugate, the types of diseases to be
treated, the route of administration, the excipient usage, and
the possibility of co-usage with other therapeutic treatment.

To practice the method of the present invention, a compo-
sition having one or more of the above-mentioned com-
pounds can be administered parenterally, orally, nasally, rec-
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tally, topically, or buccally. The term “parenteral” as used
herein refers to subcutaneous, intracutaneous, intravenous,
intramuscular, intraarticular, intraarterial, intrasynovial,
intrasternal, 1intrathecal, intralesional, intraperitoneal,
intratracheal or intracramial 1injection, as well as any suitable
infusion technique.

A sterile 1njectable composition can be a solution or sus-
pension in a non-toxic parenterally acceptable diluent or sol-
vent, such as a solution 1n 1,3-butanediol. Among the accept-
able vehicles and solvents that can be employed are mannitol,
water, Ringer’s solution, and 1sotonic sodium chloride solu-
tion. In addition, fixed o1ls are conventionally employed as a
solvent or suspending medium (e.g., synthetic mono- or di-
glycerides). Fatty acid, such as oleic acid and its glyceride
derivatives are usetul 1n the preparation of ijectables, as are
natural pharmaceutically acceptable o1ls, such as olive o1l or
castor oil, especially i their polyoxyethylated versions.
These o1l solutions or suspensions can also contain a long
chain alcohol diluent or dispersant, or carboxymethyl cellu-
lose or similar dispersing agents. Other commonly used sur-
factants such as Tweens or Spans or other similar emulsitying
agents or bioavailability enhancers which are commonly used
in the manufacture of pharmaceutically acceptable solid, 11g-
uid, or other dosage forms can also be used for the purpose of
formulation.

A composition for oral administration can be any orally
acceptable dosage form including capsules, tablets, emul-
s10ms, and aqueous suspensions, dispersions, and solutions. In
the case of tablets, commonly used carriers include lactose
and corn starch. Lubricating agents, such as magnesium
stearate, are also typically added. For oral administration in a
capsule form, useful diluents include lactose and dried corn
starch. When aqueous suspensions or emulsions are admin-
istered orally, the active ingredient can be suspended or dis-
solved 1n an oily phase combined with emulsifying or sus-
pending agents. If desired, certain sweetening, flavoring, or
coloring agents can be added.

A nasal aerosol or inhalation composition can be prepared
according to techniques well known in the art of pharmaceu-
tical formulation. For example, such a composition can be
prepared as a solution 1n saline, employing benzyl alcohol or
other suitable preservatives, absorption promoters to enhance
bioavailability, fluorocarbons, and/or other solubilizing or
dispersing agents known in the art. A composition having one
or more ol the above-described compounds can also be
administered 1n the form of suppositories for rectal adminis-
tration.

A pharmaceutically acceptable carrier 1s routinely used
with one or more active above-mentioned compounds. The
carrier 1n the pharmaceutical composition must be “accept-
able” 1n the sense that it 1s compatible with the active ingre-
dient of the composition (and preferably, capable of stabiliz-
ing the active ingredient) and not deleterious to the subject to
be treated. One or more solubilizing agents can be utilized as
pharmaceutical excipients for delivery of an above-men-
tioned compound. Examples of other carriers include colloi-
dal silicon oxide, magnesium stearate, cellulose, sodium lau-
ryl sulfate, and D&C Yellow #10.

Suitable 1n vitro assays can be used to preliminarily evalu-
ate the ellicacy of the above-described conjugates in 1nhibait-
ing hepatitis B virus or hepatitis C virus. The conjugates can
turther be examined for its efficacy in treating hepatitis B
virus or hepatitis C virus infection by 1n vivo assays. For
example, they can be administered to an animal (e.g., a mouse
model) or a human having hepatitis B virus or hepatitis C
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virus infection and 1ts therapeutic effects are then assessed.
Based on the results, dosage ranges and administration routes
can also be determined.

The example below 1s to be construed as merely illustra-
tive, and not limitative of the remainder of the disclosure 1n
any way whatsoever. Without further elaboration, 1t 1is
believed that one skilled 1n the art can, based on the descrip-
tion herein, utilize the present invention to 1ts fullest extent.
All publications cited herein are hereby incorporated by ret-

erence 1n their entirety.
Preparation of di-PEG Aldehyde

H,N O

HZN/\/\/\\/L\O

mPEGO(C=—=0)0Su
Fine-
DIPEA, CH,Cl,

O

mPEGO

By /\/\»\D

20 kD PEGO(C=0)05u was prepared from 20 kD mPE-
GOH purchased from (SunBio Inc., CA, USA) according to
the method described in Bioconjugate Chem. 1993, 4, 568-
569.

A solution of 6-(1,3-dioxolan-2-yl)hexane-1,5-diamine 1n
dichloromethane (11.97 g of the solution containing 9.03 mg
of diamine, 47.8 umol) was added to a flask containing 20 kD
PEGO(C=0)OSu (1.72 g, 86.0 umol). After PEGO(C=0)
OSu was completely dissolved, N,N-diisopropylethylamine
(79 ulL, 478 umol) was added. The reaction mixture was
stirred at room temperature for 24 h, and then methyl t-butyl
cther (200 mL) was added dropwise with stirring. The result-

ing precipitate was collected and dried under vacuum to give
di-PEG acetal (1.69 g, 98%) as a white solid.

'H NMR (400 MHz, d.-DMSO) 8 7.16 (t, J=5.2 Hz, 1H),
7.06 (d, J=8.8 Hz, 1H), 4.76 (t, J=4.8 Hz, 1H), 4.10-3.95 (m,
4H), 1.80-1.65 (m, 1H), 1.65-1.50 (m, 1H), 1.48-1.10 (m,
6H).

mPEGO

mPEGO)k /\/\)\/l\

mPEGO

oA A

Di1-PEG acetal (4.0 g, 0.2 mmol) was suspended in pH 2.0
butlfer (critic acid, 40 mL). The reaction mixture was stirred at
35° C. for 24 h and then extracted with dichloromethane
(3x50 mL). The combined organic layers were dried over
magnesium sulfate, concentrated, and then re-dissolved in
dichloromethane (20 mL). The solution was added drop-
wisely to methyl t-butyl ether (400 mL) with stirring. The
resulting precipitate was collected and dried at reduced pres-

sure to give d1-PEG aldehyde (3.8 g, 95%) as a white solid.
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"H NMR (400 MHz, d,.-DMSQO) 8 9.60 (s, 1H), 7.24 (d,
I=8.4 Hz, 1H), 7.16 (t, J1=5.2 Hz, 1H), 4.10-3.95 (m, 4H),
3.95-3.80 (m, 1H), 3.00-2.85 (m, 2H), 2.58-2.36 (m, 2H),
1.46-1.15 (m, 6H).

Preparation of Modified Interferon

IFN

O\/

-ﬂ
i
b
-

"

A modified recombinant human interferon-c.,, was cloned
by a PCR method using human genomic DNA as a template.
The oligonucleotides were synthesized based on the flanking
sequences of human interferon-a,, (GenBank Accession
#100207, Jan. 8, 2008). The dertved PCR products were sub-
cloned mto pGEM-T vector (Promega). The IFN variant was
PCR amplified again through the pGEM-T clones and subse-

quently subcloned into protein expression vector pET-24a
(Novagen), a T7 RNA polymerase promoter driven vector,
using Ndel/BamHI as the cloning sites. Vector pET-24a was
then transformed 1nto £. coli BL21-CodonPlus (DE 3)-RIL
(Stratagene) strain. The high-expression clones were selected
by mamtalnmg the transtormed £. coli BL21-CodonPlus (DE
3)-RIL 1n the presence of karamycin (50 ug/ml) and
chloramphenical (50 ug/mlL).

Terrific broth medium (BD, 200 mL) was employed for the
propagation of BL21-CodonPlus (DE 3)-RIL with Pro-IFN
gene i a 1000 mL flask. The flask was shaken at 37° C. at 230
rpm for 16 hr. Batch and fed-batch fermentations were per-
formed 1n a 5-liter jar fermentor (Biotlo 3000; New Brun-
swick Scientific Co., Edison, N.I.). The batch fermentation
used 150 mL of an overnight preculture inoculum and 3 L of
the Terrific broth medium with karamycin (50 ug/mlL),
chloramphenical (50 ug/mL), 0.4% glycerol, and 0.5% (v/v)
trace elements (10 g/I. of FeSO,.7H,O, 2.25 g/LL of
/nS0O,.7H,0, 1 g¢/LL o1 CuSO,.5H,0, 0.5 ¢g/LL of MnSO_H,O,
0.3 g/l of H,BO,, 2 g/LL of CaCl,.2H,0, 0.1 g/L. of (NH,),
Mo-0,,, 0.84 ¢ L EDTA, 50 mlI/LL HCI). The dissolved oxy-
gen concentration was controlled at 35% and the pH was kept
at 7.2 by adding a 5 N NaOH aqueous solution. A feeding
solution containing 600 g/I. of glucose and 20 g/L. of
MgSO,.7H,O was prepared. When the pH rose to a value
greater than the set point, an appropriate volume of the feed-
ing solution was added to increase the glucose concentration
in the culture broth. Expression of the Pro-IFN gene was
induced by adding IPTG to a final concentration of 1 mM and
the culture broth was harvested after incubating for 3 hr.

The collected cell pellet was resuspended with TEN butier
(50 mM Tris-HCI (pH 8.0), 1 mM EDTA, 100 mM NaC(Cl) in
an approximate ratio of 1:10 (wet weight g/mlL ) and disrupted
by a microfluidizer, and then centrifuged at 10,000 rpm for 20
min. The pellet containing inclusion body (IB) was washed
twice with TEN bufler and centrifuged as described above.
The pellet contaiming IB was then suspended in 150 mL of a

4 M guanidium HCI1 (GuHCI) aqueous solution and centri-
tuged at 20,000 rpm for 15 min. The IB was then solubilized

in 50 mL of 6 M GuHCI solution. The GuHCI solubilized
material was centrifuged at 20,000 rpm for 20 min. Refolding,

was mitiated by dilution of denatured IB 1n 1.5 L of a freshly
prepared refolding butter (100 mM Tris-HCI1 (pH 8.0), 0.5 M
L-Arginine, 2 mM EDTA) that was stirred only during the
addition. The refolding reaction mixture was allowed to 1ncu-
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bate for 48 hr without stirring. The refolded recombinant
human interteron-a.,, (1.e., Pro-IFN) was dialyzed against 20
mM Tris butler (with2 mM EDTA and 0.1M urea, pH 7.0) for

turther purification by Q-Sepharose column chromatography.

The refolded recombinant human protein Pro-IFN was
loaded onto a Q-Sepharose column (GE Amersham Pharma-
cia, Pittsburgh, Pa.). The column was pre-equilibrated and

washed with a 20 mM Tris-HCI butfer (pH 7.0). The product
was eluted with a mixture of 20 mM Tris-HCI butter (pH 7.0)
and 200 mM NaCl. Fractions contaiming Pro-IFN was col-
lected based on its absorbance at 280 nm. The concentration
of Pro-IFN was determined by a protein assay kit using the

Bradiord method (Pierce, Rockiord, Il1.).

Prepare Protein-Polymer Conjugate

0
0 nﬂr'EGo)k NH >
)J\ /\/\)\/ CHO
mPEGO N
q
o
IFN
mPEGO f_.,

AT

To a solution of di-PEG aldehyde prepared above (1.2 g,
0.03 mmol) i water (72 mL) was added 2 M sodium phos-

phate butter (pH 4.0, 5 mL) and Pro-IFN (200 mg in 22.2 mL
of pH 7.0 builer containing 20 mM Tris-HCl and 0.2M Na(l,

0.01 mmol). The reaction mixture was stirred at room tem-
perature for 10 min; then sodium cyanoborohydride aqueous
solution (400 mM, 1.25 mL, 0.5 mmol) was added. The
reaction mixture was stirred in the dark for 16 h and purified
by SP XL Sepharose chromatography. Fractions containing
the desired polymer-protein conjugate were collected based
on their retention time and absorbance at 280 nm. The con-
centration of the conjugate was determined by a protein assay

kit using the Bradiord method (Pierce, Rockiord, Ill.). The
1solated yield of the conjugate was roughly 40% or higher.

OTHER EMBODIMENTS

All of the features disclosed 1n this specification may be
combined in any combination. Each feature disclosed 1n this
specification may be replaced by an alternative feature serv-
ing the same, equivalent, or similar purpose. Thus, unless
expressly stated otherwise, each feature disclosed 1s only an
example of a generic series of equivalent or similar features.

From the above description, one skilled 1n the art can easily
ascertain the essential characteristics of the present invention,
and without departing from the spirit and scope thereot, can
make various changes and modifications of the invention to
adapt it to various usages and conditions. Thus, other embodi-
ments are also within the scope of the following claims.
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65

Glu

Ala
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145

Ser
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Sexr

Phe

50

Phe
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Phe
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Ser
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Trp
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1
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Ile

Vval

165
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<400> SEQUENCE:

Cys Asp Leu Pro

1

Leu

Arg

Asnh
65

Leu

Ala

Glu

Leu

His

2la

50

Leu

ASpP

ASp

Ala
ASP
35

Glu

Phe

Val

Ser
115

Gln
20

Phe

Thr

Ser

Phe

Ile

100

Tle

165

Homo sapiens

2

Gln

Met

Gly

Ile

Thr

Tvr

85
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Leu

Ala

Val

Leu

Phe
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Tle
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Leu

Met

Thr

150

Vval

Glu

Thr

ATg

Phe

Pro

Lvs
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Ala
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Leu

Gly

Met

AsSp

55

Gln

Phe

Leu

Glu

Lys

135

Leu

Arg

Ser

Hisg

Pro

Val

55

Asp

Glu

Val

Val

5

Leu

Leu
40

ATrg

Agn

Leu

Ala

120

Glu

Ala

Leu

Ser

Ile

Gln

40

Leu

Ser

Leu

Gly

Arg
120

Val

ASP

25

Leu

His

Ala

Leu

ASP

105

ASDP

Leu

Glu

ATrg
185

Leu

Ser

25

Glu

His

Ser

Val
105

2la

10

Leu

Ala

ASp

Glu

Phe

90

Val

Ser

Tle
170

Ser

Gly
10

Leu

Glu

Glu

Ala

Gln

90

Thr

Leu

Pro

Gln

Phe

Thr

75

Ser

Phe

Ile

ITle

Glu

155

Met

Ser

Phe

Phe

Met

Ala

75

Gln

Glu

Phe
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Leu

Gln

Met

Gly

60

ITle

Thr

Gln

Leu

140

ATYg

Glu

ATYg

Ser

Gly

Ile

60

Trp

Leu

Thr

Gln

Vval

Thr

Arg

45

Phe

Pro

Thr
Gly
125

Ala

Ser

Arg

AsSn

45

Gln

Asp

ASn

Pro

Arg
125

Leu

Hig

30

Arg

Pro

Val

ASP

Glu

110

Val

Val

Phe

Thr

Leu

30

Gln

Gln

Glu

ASP

Leu

110

Tle

Ser

15

Ser

Tle

Gln

Leu

Ser

o5

Leu

Gly

Arg

Ser

Ser
175

Leu

15

Phe

Ile

Thr

Leu

o5

Met

Thr
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Leu
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Glu
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80

Ser

Val

Pro
160

Leu

Met

ASpP

Gln

Phe

Leu

80

Glu

Leu

18
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130

135

140

Ala Glu Ile Met Arg Ser Phe Ser Leu Ser Thr Asn Leu Gln Glu Ser

145

Leu

<210>
<211>
<«212>
<213>

<400>

Arg

Ser Lys Glu

PRT

SEQUENCE :

Met Cys Asp Leu

1

Met

ASpP

Gln

Phe

65

Leu

Glu

Leu

ATrg
145

Ser

Leu

Arg

Lys

50

Agn

Leu

ala

Glu

Tyr

130

Ala

Leu

Leu

His

35

Ala

Leu

ASP

ASP
115

Leu

Glu

ATrg

Ala
20
ASP

Glu

Phe

Val
100

Ser

Tle

Ser

165

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM:

166

Homo sapiliens

3

Pro

Gln

Phe

Thr

Ser

Phe

85

Ile

Tle

Glu

Met

Lys
165
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<400> SEQUENCE:
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1

Ser

Leu

Pro

Met

65
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Ser

Hig

Pro

Ser

Phe

50

Val

Glu

2la

Gln

Val

Met

Ala

Gln

Gly
20

Agn

Gly

Leu

Trp
100

Leu

195

Homo sapiens

4

Phe

Ser

Thr

Leu

Ser

Gln
g5

Asn

Gln

150

Gln

Met

Gly

ITle

Thr

70

Gln

Leu

ATrg
150

Glu

Pro

Leu

Leu

Gln
70

Gln

Met

His

Thr

Arg

Phe

Pro

55

Thr

Gly

Ala

Lys

135

Ser

Leu

Gly

Val

AsSp

55

Leu

Tle

Thr

Leu

His

ATy

Pro

40

Val

ASP

Glu

Val

Val

120

Phe

Leu

Leu

40

ATrg

Gln

Phe

Leu

Glu

Ser

Tle

25

Gln

Leu

Ser

Leu

Gly

105

ATrg

Ser

Ser

Ala

ASP
25

Leu

Ser

Leu
105

Thr

Leu

10

Sexr

Glu

Hisg

Ser

Tyr

S0

Val

Pro

Leu

2la
10

Leu

His

ASp

ala

Leu

90

ASpP

155

Gly

Leu

Glu

Glu

Ala

75

Gln

Thr

Ser
155

Leu

Pro

Gln

Phe

His

75

Phe

Gln

Leu

Ser

Phe

Phe

Met

60

Ala

Gln

Glu

Phe

Ala

140

Thr

Val

Gln

Met

ATYg

60

Val

Hig

Leu

Leu

Arg

Sexr

Gly

45

Ile

Trp

Leu

Thr

Gln

125

Trp

Agh

Met

Asn

Arg

45

Phe

Met

Thr

His

Gln

ATg

Cys

30

Agn

Gln

ASP

Agn

Pro

110

ATrg

Glu

Leu

Thr

Hig

30

ATrg

Pro

Ser

Glu

Thr
110

Val

Thr
15

Leu

Gln

Gln

Glu

ASpP

S5

Leu

Tle

Val

Gln

Ser

15

Gly

Tle

Gln

Val

Arg

o5

Glu

Val

160

Leu

Phe

Ile

Thr

80

Leu

Met

Thr

Val

Glu
160

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

20
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<211>
<212>
<213>

<400>
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195
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Trp
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SEQUENCE :

Leu Ser Tyr Lys

1
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Arg

Pro

Ser

65

Glu

Thr

Glu

Ala

Lys

145

Ser

<210>
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<212 >
<213>

<400>

Ser

Tle

Gln

50

Val

ASp

Glu

Val

Val

130

Tyr

Leu

Leu

Ser

35

Glu

Leu

Ser

Leu

Gly

115

Ser

Ser

Gly
20

Pro

Glu
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Ser

Tyr

100

Met

Pro

Phe

PRT

SEQUENCE :

Ala
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Glu
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SEQ ID NO b
LENGTH :
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ORGANISM: Homo saplens
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5

Ser

5

Asn

Phe

Phe

Glu

2la

85

Gln

Glu

Ser
165

SEQ ID NO o
LENGTH :
TYPE :
ORGANISM: Homo saplens

217

6

Met Ala Thr Gly Ser

1

Cys

Ser

Leu

Glu
65

Leu

ATy

2la
50

Gln

Pro

Trp
20

5

Leu

Leu Phe Asp

35

Phe

ASDP

Tyr

Thr

Ser

Gly
Ile
150

Val

Gln

Tle

ATg

Ser

ASpP

Met

70

Ala

Gln

Glu

Phe

Ala

150

Thr

ATrg

Gln

AsSn

Tyr

Phe
70

21

Ala
135
Arg

Val

Glu

Gly
55

ITle
Trp
Leu
Thr
Gln
135

Trp

Agnh

Thr
Glu
Ala

Gln
55

Leu

120

Ile

Val

ATrg

Arg

Ser

2la

Leu

40

Agn

Gln

Glu

Agn

Pro

120

ATrg

Glu

Leu

Ser

Gly

Met

40

Glu

Gln

Ser

Met

Leu
185

Leu

Leu

25

Gln

Gln

Gln

Agn

105

Leu

Tle

Val

Gln

Leu

Ser

25

Leu

Phe

Agn

Ser

Leu

Glu

170

Arg

Gly

10

Ile

ASp

Phe

Thr

Ser

90

Leu

Met

Thr

Val

Lys
170

Leu

10

2la

Arg

Glu

Pro

Pro
Lys
155

ITle

Ser

Leu

ATrg

Gln

Phe

75

Leu

Glu

AgSn

Leu

ATYg

155

Arg

Leu

Phe

Ala

Glu

Gln
75

-continued

Ala
140
Glu

Met

ASpP

Leu

His

Lys

60

AsSn

Leu

Ala

Glu

Tvr

140

Ala

Leu

Ala

Pro

His

Ala
60

Thr

125

Leu

Asp

Leu

Ala

Asp

45

Thr

Leu

Glu

Asp
125
Leu

Glu

Arg

Phe

Thr

Arg
45

Ser

Thr

Ser

Arg
190

Pro

Gln

30

Phe

Gln

Phe

Val

110

Ser

Thr

Ile

Arg

Gly
Ile
30

Leu

Tle

Leu

Leu

Leu
175

ASpP

Gln

15

Met

Gly

2la

Ser

Phe

o5

Tle

Tle

Glu

Met

Lys
175

Leu
15
Pro

Hig

Pro

US 8,143,214 B2

ATg
sSer
160

Phe

Leu

Thr

Gly

Leu

Tle

Thr

80

Ser

Gln

Leu

ATrg
160

ASp

Leu

Leu

Gln

Phe
80

22



Ser

Ser

Leu

Glu

145

Thr

Hig

ATy

ATrg

Glu

Agn

Glu

Gly

130

Gly

Gly

Agn

Ser
210

Ser

Leu

Pro

115

Ala

Ile

Gln

ASP

ASP

195

Val

Tle

Glu

100

Val

Ser

Gln

Tle

ASP

180

Met

Glu

Pro
85

Leu

Gln

AsSp

Thr

Phe

165

Ala

AsSp

Gly

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Homo sapilens

PRT

<400> SEQUENCE:

Phe Pro Thr Ile

1

Ala

Glu

Gln

Glu

65

Leu

Phe

Leu

Glu

Lys

145

Gly

Leu

<210>
<211>
<212 >
<213>

<400>

His

2la

Thr

50

Glu

Leu

2la

Leu

ASpP

130

Phe

Leu

Arg

ATrg

Tyr

35

Ser

Thr

Tle

Agn

Lys

115

Gly

ASP

Leu

Tle

Leu

20

Tle

Leu

Gln

Gln

Ser

100

ASP

Ser

Thr

Val
180

PRT

SEQUENCE :

121

7

Pro
5

His

Pro

Gln

Ser

85

Leu

Leu

Pro

Asn

Cvs

165

Gln

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Homo sapilens

193

8

Thr

Leu

Phe

Ser

Leu

150

Leu

Ser

Leu

Gln

Phe

Lys

70

Trp

Val

Glu

ATrg

Ser

150

Phe

23

Pro
Arg
Leu
AsSn
135
Met
Gln
Leu

Val

Cvys
215

Ser
Leu
Glu
sSer
55

Ser

Leu

Glu
Thr
135
His

Arg

Arg

Ser

Ile

Arg

120

Val

Gly

Thr

Glu
200

Gly

ATrg

2la

Gln

40

Glu

Agn

Glu

Gly

Gly

120

Gly

Agn

Ser

Agn
Ser
105

Ser

Agn
185
Thr

Phe

Leu

Phe

25

Ser

Leu

Pro

Ala

105

Tle

Gln

ASP

ASP

Val
185

90

Leu

Val

ASDP

Leu

Sexr

170

Phe

Phe
10

ASpP

Tle

Glu

Val

90

Ser

Gln

Tle

ASpP

Met

170

Glu

Glu

Leu

Phe

Leu

Glu

155

Gly

Leu

ASpP

Thr

Ser

Pro

Leu

75

Gln

ASDP

Thr

Phe

Ala

155

ASpP

Gly

-continued

Glu

Leu

Ala

Leu

140

ASP

Phe

Leu

AT

ASn

Phe

Thr

60

Leu

Phe

Ser

Leu

Lys

140

Leu

Ser

Thr

Ile

Asn
125

Gly

Asp

Leu

Tle
205

Ala

Gln

Leu

45

Pro

Arg

Leu

Asn

Met

125

Gln

Leu

Val

Gln

Gln

110

Ser

ASP

Ser

Thr

Tyr

190

Val

Met

Glu

30

Gln

Ser

Ile

ATrg

Val

110

Gly

Thr

Glu

Gly
190

Gln

o5

Ser

Leu

Leu

Pro

AgSh

175

Gln

Leu

15

Phe

Agn

Agn

Ser

Ser
o5

Agn

Thr
175

Phe

US 8,143,214 B2

Trp

Val

Glu

ATrg

160

Ser

Phe

Arg

Glu

Pro

Leu

80

Val

ASpP

Leu

Ser

Tyr

160

Phe

24



Met

Leu

Tle

Ala

Agn

65

Met

Leu

Gln

Leu

Ala
145
Thr

ATrg

ATrg

<210>
<211>
<212 >
<213>

<400>

Gly

Ser

Glu

50

Tle

Glu

Sexr

Pro

ATy

130

Tle

2la

Gly

Val

Leu

ASP

35

Agh

Thr

Val

Glu

Trp

115

Ser

Ser

ASP

His

Pro

20

Ser

Tle

Val

Gly

Ala

100

Glu

Leu

Pro

Thr

Leu
180

PRT

SEQUENCE :

Ala Pro Pro Arg

1

Leu

Gln
65

Leu

Gly

Pro

Glu

Ser

Ala
50

Gly

Val

ala

2la

Leu

130

Ser

Arg

Ala
Leu
35

Trp

Leu

Val

Gln

115

ATrg

Agn

Thr

Lys
20

Agn

Lys

Ala

Ser

Ser

100

Thr

Phe

Gly

Glu

Leu

Thr

Pro

Gln

85

Val

Pro

Thr

Pro

Phe
165

SEQ ID NO 9
LENGTH:
TYPE:
ORGANISM:

166

Homo sapiens

5

Leu
5
Glu

Glu

Leu

Ser

85

Gly

Glu

Tle

Leu

Asp
165

Gly

Val

Thr

ASpP

70

Gln

Leu

Leu

Thr

ASpP

150

ATg

Leu

Tle

Ala

Met

Leu
70

Gln

Leu

Ala

Thr

ATg

150

ATrg

25

Pro
Leu
Leu
Gly
55

Thr
Ala
Arg
Gln
Leu

135

Ala

Glu
Ile
Glu
55

Ser

Pro
Arg
Ile
Ala

135

Gly

2la

Pro

Glu
40

Val

Gly

Leu

120

Leu

2la

Leu

Thr

ASpP

Thr
40
Val

Glu

Trp

Ser

Ser

120

ASP

Trp

Val

25

Ala

Val

Glu

Gln

105

His

ATg

Ser

Phe

Gly
185

Ser

Tle

25

Val

Gly

Ala

Glu

Leu

105

Pro

Thr

Leu

Leu
10

Leu

Glu

Agn

Val

S0

Ala

Val

ala

2la

Arg

170

Glu

10

Thr

Pro

Gln

Val

Pro
S0

Thr

Pro

Phe

Trp

Gly

Leu

Hig

Phe

75

Trp

Leu

ASpP

Leu

Ala
155
Val

Ala

Val

Thr

ASDP

Gln

Leu

75

Leu

Thr

ASp

ATrg

Leu
155

-continued

Leu Leu Leu Serxr

Ala

Leu

Cvs

60

Gln

Leu

Gly
140

Pro

Leu

Gly

Thr

Ala

60

AYg

Gln

Leu

Ala

Lys
140

Pro

Glu

45

Sexr

Ala

Gly

Val

Ala

125

Ala

Leu

Ser

Arg

Glu

Lys
45
Val

Gly

Leu

Leu

Ala
125

Leu

Thr

Pro

30

Ala

Leu

Trp

Leu

AgSh

110

Val

Gln

ATrg

Agn

Thr
120

Arg

Ala

30

Val

Glu

Gln

His

ATg
110

Ser

Phe

Gly

15

Arg

Agh

ala
o5

Ser

Ser

Thr
Phe
175

Gly

Tyr

15

Glu

Agn

Val

2la

Val

55

ala

2la

Arg

Glu

US 8,143,214 B2

Leu

Leu

Glu

Glu

Arg

80

Leu

Ser

Gly

Glu

Tle

160

Leu

ASp

Leu

His

Phe

Trp

Leu

80

ASp

Leu

Ala

Val

Ala
160

26



US 8,143,214 B2
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What 1s claimed 1s:

1. A protein-polymer conjugate of formula I:

formula I

wherein

each of R, R,, R,, R,, and R independently, 1s H, C, .
alkyl, C,_. alkenyl, C,_. alkynyl, aryl, heteroaryl, C, 4
cycloalkyl, or C,_4 heterocycloalkyl;

cach of A, and A, independently, 1s a polymer;

cach of G,, G,, and G5, independently, 1s a bond or a
linking functional group;

P 1s interferon-a, human growth hormone, or erythropoi-
etin:

m 1s O or an mteger of 1-10; and

n 1s an teger of 1-10.

2. The conjugate of claim 1, wherein G 1s a bond and P 1s

a protein 1 which the amino group at the N-terminus 1s
bonded to G,.

3. The conjugate of claim 2, wherein each of A, and A, 1s
mPEG having a molecular weight of 10-30 kD.

4. The conjugate of claim 3, wherein each of G, and G, 1s

O

PN

0 N
H

wherein O 1s attached to A, or A,, and NH 1s attached to a
carbon atom as shown in formula I.

5. The conjugate of claim 4, wherein P 1s modified inter-
feron containing 1-4 additional amino acid residues at the
N-terminus.

28

6. The conjugate of claim 5, wherein n 1s 2.
7. The conjugate of claim 6, wherein the conjugate 1s

5 O

A,

IFN,
mPEGO

AT

in which mPEG has a molecular weight of 20 kD and IFN 1s
interferon-a.,, .

8. A method of treating hepatitis C virus infection or hepa-
titis B virus infection comprising administering to a subject in
need thereof an effective amount of a

protein-polymer conjugate of formula I:

11\\

10

15

20

formula I
Al
R
G
2 G
25 a7 m g 3\p
Ry Rz R4 Rs
wherein
30  each of le R,, R;, R,, and R independently, 1s H, C, _.
alkyl, C,_. alkenyl, C,_. alkynyl, aryl, heteroaryl, C; 4
cycloalkyl or C, 4 heterocycloalkyl
cach of A, and A, independently, 1s a polymer
each of Gl, G,, and G, independently, 1s a bond or a
15 linking functional group;

P 1s an interferon-o.;

m 15 O or an 1nteger of 1-10; and

n 1s an integer of 1-10.

9. The conjugate of claim 1, wherein P 1s interferon-a
having 1-4 additional amino acid residues at the N-terminus.

10. The conjugate of claim 1, wherein P 1s SEQ 1D NO: 1,
2,3,4, or 3.

11. The conjugate of claim 1, wherein P 1s SEQ ID NO: 6
or 7.

12. The conjugate of claim 1, wherein P 1s SEQ 1D NO: 8
4> or9.
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